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Slime production is not a generally recognized feature of Staphylococcus
epidermidis. In a recent outbreak of S. epidermidis intravascular catheter-
associated sepsis, we noted that 63% of clinically implicated strains grew as a
slimy film coating the culture tube walls when propagated in tryptic soy broth.
Only 37% of randomly collected blood culture contaminants and skin isolates
demonstrated a similar phenomenon (p < 0.05). Transmission electron micro-
graphs of these coating bacteria showed them to be encased in an extracellular
matrix that stained with alcian blue. Slime production was most evident in
autoclaved media containing Casamino Acids and glucose supplementation
(0.25% wt/vol). There were strain and media preparation variability of slime
production in the presence of other carbohydrates. Some strains were not able to
produce slime under any of the tested conditions. The production or nonproduc-
tion of slime did not influence growth rate. When grown in vitro, slime producers
accumulated on the surface of intravascular catheters as macrocolonies, whereas
non-slime, producers did not. Transmission and scanning electron micrographs
showed slime producers to be encased in an adhesive layer on the catheter
surface, whereas nonproducers were not encased. These results suggest that
slime-mediated adherence may be a critical factor in the pathogenesis of S.
epidermidis infections of medical devices.

Formerly considered a harmless organism,
Staphylococcus epidermidis is now a recognized
opportunistic pathogen of foreign bodies, partic-
ularly prosthetic cardiac valves (7, 10, 14, 19,
31), cerebrospinal fluid shunts (8, 15, 28, 29),
orthopedic appliances (24, 34-36), and intravas-
cular catheters (1, 5). A critical determinant in
this association of opportunist with foreign body
could be the adhesiveness of the bacteria to the
surface of the foreign body. Investigation of this
relationship may shed light on the pathogenesis
of these infections. Nevertheless, the issue of S.
epidermidis adherence to smooth surfaces has
not been extensively examined.
Bayston and Penny (4) reported that many S.

epidermidis strains of Baird-Parker's SII biotype
produce a mucoid growth in vitro which adheres
to the walls of culture tubes. They attributed the
adhesiveness to a viscid material that stains with
alcian blue. These same strains were responsible
for cerebrospinal fluid shunt infections, and it
was speculated that mucoid growth is important
in the pathogenesis of shunt infections.
Mucoid growth is not a generally recognized

characteristic of S. epidermidis. Baird-Parker
simply notes that 26% of SIT strains exhibit
mucoid growth (2), and Jones et al. observed a

high incidence of slime production (mucoid
growth) when strains were grown in the pres-
ence of pyruvate (16). Aside from these reports,
there is little further characterization of this
phenomenon.
During a recent investigation of an outbreak of

S. epidermidis catheter-associated infections
(9), we noted that many strains of S. epidermidis
associated with clinical infections produced
slime. This report summarizes our findings.

(This paper was published in abstract form
[G. D. Christensen and A. L. Bisno, Clin. Res.
29:382A, 1981], and was presented in part at the
21st ICAAC [G. D. Christensen, W. A. Simp-
son, A. L. Bisno, and E. H. Beachey, Program
Abstr. Intersci. Conf. Antimicrob. Agents Che-
mother. 21st, Chicago, Ill., abstr. no. 364,
1981].)

MATERIALS AND METHODS

Microorganisms. Between June 1979 and September
1980, we collected 146 isolates of staphylococci while
investigating an outbreak of intravascular catheter-
associated S. epidermidis sepsis at the City of Mem-
phis and University of Tennessee Hospitals, Mem-
phis. A total of 143 isolates were gram-positive
clustering cocci that were catalase positive, coagulase
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negative, and sensitive to novobiocin, fermented glu-
cose but not mannitol, and were therefore identified as
S. epidermidis. The S. epidermidis collection consist-
ed of 97 blood culture isolates from 58 patients and 46
skin and nares isolates from hospital personnel. These
isolates were characterized by antibiotic susceptibil-
ities, biotype (by the schemes of both Baird-Parker [3]
and Bentley et al. [6]), and phage type (courtesy of J.
Parisi, University of Missouri). By these criteria, eight
patients with 25 isolates were found to have the
identical organism in more than one blood culture. The
duplicate isolates (16) were excluded from further
analysis, for a final collection of 127 individual patient
and staff strains. A total of 17 patients with 35 individ-
ual blood culture strains were suspected or proven to
have S. epidermidis sepsis or bacteremia (clinical
groups 1 and 2 [9]). These strains were designated the
symptomatic infection collection. The remaining 41
patients with 46 strains were asymptomatic, and their
blood culture strains were presumed to be cultural
contaminants. Stock cultures of these isolates were
stored in outdated human blood at -70°C and later as
lyophilized cultures. Working cultures were main-
tained on tryptic soy agar with 5% sheep blood and
transferred every 2 to 3 months.

Culture media. Bacteria were propagated in stan-
dard laboratory media prepared according to the speci-
fications of the manufacturers. Media utilized includ-
ed: Trypticase soy broth (TSB; BBL Microbiology
Systems, Cockeysville, Md., and Difco Laboratories,
Detroit, Mich.), thioglycolate (BBL Microbiology Sys-
tems), brucella broth (BBL Microbiology Systems),
brain-heart infusion broth (Difco Laboratories and
GIBCO Laboratories, Grand Island, N.Y.), Mueller-
Hinton broth (Difco Laboratories, GIBCO Labora-
tories, and BBL Microbiology Systems), Todd-Hewitt
broth (Difco Laboratories), synthetic broth AOAC
(Difco Laboratories), and nutrient broth (Difco Labo-
ratories). The following individual supplements were
used: phytone (BBL Microbiology Systems), tryptone
(BBL Microbiology Systems), and yeast extract (Difco
Laboratories). Sucrose broth was prepared as de-
scribed by Vera and Power (32). Saccharide-free basal
medium was constructed with tryptone, phytone, and
sodium and potassium salt similarly to TSB but with-
out glucose supplementation. This basal medium was
supplemented (0.25%, wt/vol) in some experiments
with the following carbohydrates: glucose (Fisher Sci-
entific Co., Pittsburgh, Pa.), D-fructose (Fisher Scien-
tific Co.), lactose (Difco Laboratories), maltose (Fish-
er Scientific Co., and Difco Laboratories), sucrose
(Fisher Scientific Co.), D-mannose (Fisher Scientific
Co.), D-ribose (Fisher Scientific Co.), cellobiose (Fish-
er Scientific Co.), D-xylose (Fisher Scientific Co., and
Difco Laboratories), D-galactose (Fisher Scientific
Co.), a-l-rhamnose (Sigma Chemical Co., St. Louis,
Mo.), D-arabinose (Sigma Chemical Co.), D-mannitol
(Difco Laboratories), a-methylmannoside (Sigma
Chemical Co.), and dextran sulfate (Sigma Chemical
Co.)

Fermentation and oxidation tests. Fermentation of
glucose and oxidation of lactose and maltose was
tested as described by Baird-Parker (3).

Relative growth. S. epidermidis organisms were sub-
cultured 1:200 from stationary-phase TSB cultures
into the chosen media and monitored by absorbance at
550 nm on a Junior II spectrophotometer (Coleman

Systems, Irvine, Calif.). Cultures were incubated at
37°C and intermittently agitated.

Test of transferability of adherent growth from slime-
producing to non-slime-producing S. epidermidis. TSB
from 24-h cultures of a slime-producing strain of S.
epidermidis was cleared of organisms with centrifuga-
tion (5,000 x g, 30 min), sterilized by filtration through
a 0.45-,um filter (Millipore Corp., Bedford, Mass.), and
diluted 1:2 and 1:4 with fresh TSB. The tubes were
then inoculated with a non-slime-producing strain and
observed for adherent growth.
Adherence to smooth surfaces. Plastic conical tubes

(Falcon Plastics, Oxnard, Calif.) or standard glass
culture tubes were used to assay for adherence. Ad-
herent growth was considered to be present if a film
was present lining the inner surface of the tube. Ring
formation at the liquid-air interface was not considered
to be indicative of adherent growth. In some experi-
ments, the contents of the tubes were removed, and
the tube was stained with safranin or trypan blue to
demonstrate the adherent growth. The presence of
adherent growth was taken as evidence of slime forma-
tion. Adherence to intravascular catheters was studied
by sectioning the catheters (14-gauge Intracath; Deser-
et Co., Sandy City, Utah) with a sterile instrument and
incubating them in TSB or saccharide-free basal media
with either a slime-forming or a non-slime-forming
strain. After 24 h, the catheters were removed in a
sterile manner and transferred to fresh media. Daily
transfers were conducted for 5 days.

Electron microscopy. Specimens were stained with
alcian blue by the method of Shea (30), using alcian
blue 8GX (Tousimis Research Corp., Inc., Rockville,
Md.) and lanthanum nitrate (Tousimis Research
Corp.). Samples for transmisson electron microscopy
were fixed and dehydrated as reported earlier (23),
with the following modification: after the last ethanol
rinse, the specimens were placed in a 50% solution of
Spurr (Polysciences Inc., Warrington, Pa.) in ethanol
for 1 hour, then in Spurr overnight, and finally embed-
ded in Spurr and polymerized overnight at 65°C.
Blind specimens were examined with an EM6B elec-
tron microscope (AEI Scientific Instruments, Inc.,
Elmsford, N.Y.). Samples for scanning electron mi-
croscopy were dehydrated in a desiccator, mounted on
aluminum stubs, shadowed with gold paladium. and
examined with an AMR-1000A, scanning electron mi-
croscope (Advanced Metals Research Corp., Bedford,
Mass.).

RESULTS
Production of slime by S. epidermidis strains.

The coating of polystyrene test tube walls by an
adherent film of S. epidermidis cells is shown in
Fig. 1. The production of this film required static
incubation in TSB for 18 to 24 h at 37°C. The
coating was equally apparent in glass or polysty-
rene tubes. Agitation of the test tube during
growth flocculated the bacteria, leaving the ves-
sel walls visibly free of colonial growth. Wash-
ing the bacteria was difficult because they
formed a sticky precipitate. Transmission elec-
tron micrographs of these strains indicated that
the bacteria were enmeshed in extracellular ma-
terial. This material stained with alcian blue,
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A B C
FIG. 1. Adherence of S. epidermidis grown in

broth to the walls of plastic test tubes. The test tubes
were emptied and stained with trypan blue. (A) Strong
slime-producing strain in TSB; (B) weak slime-produc-
ing strain in TSB; (C) strong slime-producing strain
grown in saccharide-free basal medium.

suggesting its polysaccharide nature (Fig. 2).
The presence of this material will be referred to
as slime production; the coating of artificial
surfaces by macroscopic collections of bacteria
will be referred to as adherent growth and pre-
sumed to be evidence of slime production.

Influence of media and carbohydrates on slime
production. TSB is a combination of an enzy-
matic digest of casein (tryptone) and soy protein
(phytone) plus sodium, potassium salt, and glu-
cose supplementation (0.25% wt/vol). Substitu-
tion and elimination of these components indi-
cate that the adherent growth required both
glucose (0.25% wt/vol) and casein digests for
expression. Many commonly used laboratory
media were unable to support adherent growth.
Brain heart infusion broth unreliably supported
adherent growth. Sucrose broth (9), which is
used to detect glucan or levan production by
streptococci, failed to support adherent growth
or to become more viscous (indicating glucan or
levan production) when incubated with S. epi-
dermidis.
TSB, TSB without phytone, TSB without

phytone and with yeast extract, and TSB assem-
bled from components, all of which included
0.25% (wt/vol) glucose, supported adherent
growth of slime. Glucose filter-sterilized TSB,
including 0.25% (wt/vol) glucose added after

0.5pm

FIG. 2. Transmission electron micrographs of slime-producing and non-slime-producing strains of S.
epidermidis stained with alcian blue to demonstrate slime that surrounded the adherent strain RP-12 but not the
nonadherent strain SP-2.
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TABLE 1. Capacity of various carbohydrates to
support slime by S. epidermidis

Production of slime
(no. of positive/no. of

Test carbohydrate tested strains) by":
(concn [wt/vol]) Slime Non-slime

producers producers

Glucose (0.25 and 5%) 6/6 0/6
Glucose (10%), fructose,

lactose, maltose, or
sucrose 6/6h 0/6

Mannose, ribose,
cellobiose, D-xylose,
or D-galactose 5/6" 0/6

a-1-Rhamnose 4/6h 0/6
D-Arabinose, mannitol,

dextran, ot-methyl-
mannoside, or no
added carbohydrate 0/6 0/6
a TSB without glucose was the basal medium, sup-

plemented, unless otherwise indicated, with 0.25%
(wt/vol) test carbohydrate. Six strains that produced
slime in standard TSB and six strains that did not
produce slime in TSB were compared.

b Adherent growth varied from strong to weak in
various tests.

autoclaving, diminished adherent growth, and
brain heart infusion broth including 0.20% (wt/
vol) glucose gave variable support. TSB without
glucose; Todd-Hewitt broth including 0.20%
(wt/vol) glucose; brucella and synthetic broths
including 0.1% (wt/vol) glucose; sucrose broth
including 5.0% (wt/vol) sucrose; and Mueller
Hinton, nutrient, and tryptone broths, for which
glucose is not included in the list of ingredients,
were unable to support adherent growth. (All of
these media were prepared according to the
specifications of the manufacturer, unless other-
wise indicated.)
The capacity of other carbon sources to sup-

port adherent growth was explored by using six
strains of adherent and nonadherent S. epider-
midis (as judged by the ability to produce adher-
ent growth in TSB) and a basal medium assem-
bled from the components of TSB (but without
glucose) and supplemented (0.25%, wt/vol) with
a variety of carbohydrates (Table 1). Nonadher-
ent strains remained nonadherent in the pres-
ence of all compounds tested. Glucose was the
only compound that consistently produced
strong reactions. Adherent growth in the pres-
ence of most of the remaining compounds varied
from strain to strain and from test to test. Some
compounds (D-arabinose, mannitol, a-methyl-
mannoside, dextran) were unable to support

adherent growth. In all cases, adherent growth
was best demonstrated when the carbon source
was autoclaved with the liquid media. All 12 of
the strains fermented glucose and oxidized lac-
tose and maltose regardless of the ability of
these saccharides to support adherent growth.
Growth characteristics. The relative total

growth of these 12 strains was determined by
comparing the optical densities of stationary-
phase broth cultures. All strains exhibited great-
er culture density in the presence of glucose than
in its absence (Fig. 3). The ability or inability to
produce slime did not appear to be related to
final culture density. An adherent strain, RP-12,
and a nonadherent strain, SP-2, were further
compared for relative degree of growth in media
supplemented with other carbohydrates. The
non-slime producer grew to a greater density in
the glucose-supplemented medium than did the
slime producer. In the remaining media (fruc-
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FIG. 3. Relative growth of six slime-producing and
six non-slime-producing strains of S. epidermidis in
media containing glucose (0.25%, wt/vol) or excluding
glucose. Growth was determined by relative light
transmission at 550 nm.

VOL. 37, 1982



322 CHRISTENSEN ET AL.

FIG. 4. S. epidermidis attached to intravenous catheters. These catheters were transferred daily into fresh
media. After 5 days, the slime-producing strain produced adhesive macrocolonies on the catheter section when
grown in glucose-rich media (A); macrocolonies were not apparent in saccharide-free media (B) or when a non-
slime-producing strain was grown either in glucose-rich (C) or saccharide-free media (D).

tose, maltose, rhamnose, xylose, galactose,
mannitol, arabinose, and unsupplemented), the
growth of the two strains was equal, or the non-
slime producer grew somewhat less than did the
slime producer. The culture density did not vary
with the ability or inability of the media to
support slime production.
The production of extracellular glucosyltrans-

ferase by Streptococcus mutans (13) and Strep-
tococcus salivarius (20) is important to the bind-
ing of these streptococci to dental surfaces.
These extracellular enzymes also transfer adher-
ent growth to normally nonadherent bacteria by
the adsorption of the extracellular glucosyltrans-
ferase onto the surface of the cell, with subse-
quent binding to the dental surface (13, 20). In
this situation, adherent growth was not transfer-
able by incubating nonadherent SP-2 in 1:2 or
1:4 dilutions of cell-free, spent RP-12 TSB and
fresh TSB. This suggests that either RP-12 does
not produce an extracellular polymerase or, if it
does produce an extracellular polymerase, that
SP-2 is unable to bind the polymerase to its cell
surface.
Adherence of slime-producing S. epidermidis

organisms to smooth surfaces. In a manner simi-
lar to the coating of test tube walls, slime-
producing S. epidermidis also coated the sur-
faces of intravascular catheters. Figure 4 shows

the results of incubating catheter sections in
either TSB or saccharide-free basal media seed-
ed with either RP-12 or SP-2. After transferring
the catheter daily for 5 days, visible macrocolon-
ies formed on the surface of the catheter incu-
bated with RP-12 but not SP-2 grown in TSB
with glucose. Transmission electron micro-
graphs of RP-12 and SP-2 incubated overnight in
brain heart infusion broth with a section of
catheter showed the RP-12 organism coated in
an extracellular material and attached to the
surface of the catheter by an apparent pellicle.
This was not evident in micrographs of SP-2 in
conjunction with the catheter surface (Fig. 5).
Scanning electron micrographs of catheters in-
cubated in TSB showed the RP-12 organism
matted onto the catheter surface (Fig. 6), where-
as the SP-2 bacteria, grown under identical
conditions, were found in fewer numbers, were
more distinctly outlined, and appeared to be
larger.

Clinical isolates of S. epidermidis. A total of 127
strains from human sources were collected and
characterized in the Memphis intravascular
catheter-associated S. epidermidis sepsis study
(9; G. D. Christensen et al., submitted for publi-
cation). The overall frequency of adherent
growth in this collection was 44%. The frequen-
cy of adherent growth, however, was signifi-
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SP-2

FIG. 5. Transmission electron micrographs of catheters incubated with RP-12 (slime producing) and SP-2
(non-slime producing) S. epidermidis grown in brain heart infusion broth. The slime-producing strain is covered
by a layer of material and attached to the surface of the catheter by an apparent pellicle.

cantly higher (63%) in strains associated with
clinical signs of infection than in strains not
associated with such signs (37% [Table 2]).

DISCUSSION
Clearly, some strains of S. epidermidis pro-

duce a polysaccharide extracellular material or
slime. This characteristic of S. epidermidis may
have been overlooked because it is not apparent
in many commonly used laboratory media, S.
epidermidis is not a common cause of clinical
illness, and the issue of S. epidermidis adher-
ence to smooth surfaces is unexplored. Only
Bayston and Penny (4) have examined S. epider-
midis slime production to any extent, although
others have given it passing mention (2, 16).
The capacity of some strains to produce slime

is not surprising. Similar observations concern-
ing the closely related species, Staphylococcus
aureus, have been made by Sall (26, 27), Wiley
and Wonnacott (33), Mudd (21, 22), and Yoshida
and Ekstedt (37).
The present work suggests but does not prove

that slime production is a stable characteristic of
a select subpopulation of S. epidermidis strains.

So far, we have been unable to manipulate
cultural conditions to encourage slime produc-
tion by a previously nonadherent strain; howev-
er, not all possibilities have been exhausted. We
do have evidence (G. D. Christensen, unpub-
lished observation) that adherent or nonadher-
ent growth is stable through animal or extended
laboratory passage. Nevertheless, it is quite
possible that the slime characteristic may be
turned on or off in a manner analogous to rough-
smooth strains of pneumococci or fimbriate-
nonfimbriate strains of Escherichia coli (11). An
additional possibility is that the slime character-
istic is a relative phenomenon rather than a
simple positive or negative. We did note that
some strains have a greater capacity for adher-
ent growth than other strains. Further examina-
tion of this possibility awaits a quantitative
determination of the amounts of slime produced
rather than the qualitative determination of the
presence or absence of slime described in the
present study.
The polysaccharide character of the slime is

suggested from its staining with alcian blue.
Precise characterization awaits biochemical
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FIG. 6. Scanning electron micrographs of S. epidermidis attached to intravenous catheters. The slime-
producing strain adhered in large numbers of indistinct bacteria encased in a mat of material (A). The non-slime-
producing strain adhered as a mat of clearly defined individual cells (B). Bar, 10 FLm.

analysis; however, the nutritional requirements
for autoclaved dextrose and tryptone suggest
that it is made up from a carbon fragment and an
amino acid. The amino acid could be glutamine,
a rich component of casein.
The significant aspect of the observation that

some strains of S. epidermidis produce slime is
the potential for greater understanding of the
predeliction of S. epidermidis for foreign-body
infections. If slime production is present in vivo

TABLE 2. Slime production in 127 S. epidermidis
strains

No. (%) of:
S. epidermidis isolated from

patients with: Slime Nonslime
producers producers

Symptomatic infections 22 (63) 13 (37)"
(groups 1 and 2 [19])

All other strains 34 (37) 58 (63)
Skin and nose strains 18 (39) 28 (61)
Random blood culture 16 (35) 30 (65)

Total strains 56 (44) 71 (56)

"Symptomatic versus all others, P < 0.05 by x2
analysis with Yates correction for continuity.

as it is in vitro, new strategies may be developed
for the prevention and early detection of S.
epidermidis foreign-body infections.
There is a precedent for such speculation. In

analogous in vitro experiments, Streptococcus
mutans (12) was found to bind to smooth sur-
faces by virtue of a glucan slime coat, which in
turn has led to a greater understanding of the
pathogenesis of dental caries (12). Although the
S. epidermidis slime is not a glucan, it presum-
ably functions in a similar manner as either an
adhesin, providing permanent binding to the
foreign body surface, or as a cohesin, binding
cells together on the foreign-body surface. In a
recent series of publications, Locci, et al. (17,
18, 25) have made morphological studies on the
adherence of S. epidermidis to plastic catheters.
Their studies indicate that small numbers of
organisms initially lodge in irregularities along
the catheter surface from which micro- and,
ultimately, macrocolonies build up. The colo-
nies are cemented to the surface by an unidenti-
fied amorphous material (possibly slime) which
does not have the fibrillar characteristic of fi-
brin. Finally, Bayston and Penny (4) described
microcolonies of S. epidermidis cemented to
infected Spitz-Holter valves by alcian blue-
staining material.
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If slime is important in bacterial adherence
during foreign-body infections, it would be both
a colonization factor and a virulence factor. We
suspect that slime production is one of a number
of factors important in colonization of smooth
surfaces, since it was usually common in our

collection of symptomatic infection strains, but
not a universal feature of those strains. Confir-
mation of this observation and investigation of
the role of slime in other S. epiderinidis infec-
tions awaits further investigation.
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